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Description 

The present invention relates to a shock wave 
treatment apparatus according to the p re-character- 
izing part of claim 1. Such apparatus is used for 
treatment such as disintegration of an object such 
as a cancer, a concretion or the like present within 
a living body by concentrating shock waves of the 
object located in a focal region or point. WO 
87/01927 discloses an apparatus of the above 
mentioned type. 

In Fig. t. there is shown a conventional shock 
wave generator 1 for destruction or disintegration of 
a concretion, or the . like within a living body, as 
disclosed in Japanese Patent Laid-Open Specifica- 
tion No. 62-49843. In this shock wave generator 1 , 
a shock wave transducer. 2 having a spherical con- 
cave front surface of a certain curvature includes a 
central through hole 2a of a certain shape, and the 
transducer 2 is supported, by a backing member 3 
adhered to the back surface of the transducer 2. A 
ultrasonic wave probe 4 for scanning the living 
body to obtain a B-mode section image or the like 
is provided with an ultrasonic wave transmitting- 
receiving surface or arrey 4a in its one end, and 
the arrey 4a is located in the same spherical sur- 
face or a retracted position as or from the front 
surface of the transducer 2. The shock wave gener- 
. ator 1 applies shock waves to a living body 6 via a 
water bag 5 containing water therein. 

For instance, when a concretion within a living 
body is to be disintegrated using the above de- 
scribed shock wave generator 1, a concentration 
point positioning is required. That is, the concentra- 
tion point of the shock waves generated by the 
transducer 2 is adjusted to coincide with the con- 
cretion. This concentration point positioning is ef- 
fected by displaying a B-mode section image of 
the living body and a target mark representing the 
concentration point of the shock waves on the 
display and by allowing the target mark to coincide 
with the concretion on the display. In this case, the 
target mark is geometrically determined depending 
on the ultrasonic wave generator 1. 

However, in this case, in practice, it is not easy 
to confirm the position of the object to be disinte- 
grated in the B-mode image on the display. The 
target mark in the B-mode image is geometrically 
determined depending on the generator, and the 
actual concentration point of the shock waves gen- 
erated by the transducer is often somewhat dif- 
ferent or shifted from the target mark. However, the 
actual concentration point of the shock waves can 
not be confirmed. Further, after the generation of 
the shock waves to the object such as the concre- 
tion, it is also difficult to confirm the results of the. 
shock wave generation, for instance, a disintegrat- 
ed or not disintegrated state and the extent and 


appearance of the disintegration of the concretion 
and the like. 

It is therefore an object of the present invention 
to provide a shock wave treatment apparatus, free 

5 from the aforementioned defects and disadvan- 
tages of the prior art, which is capable of readily 
confirming a position of an object to be disinte- 
grated and an actual concentration point of shock 
waves generated by a shock wave transducer, and 

10 confirming results of the shock wave generation to 
the object. 

In accordance with claim 1, this object is 
solved by the characterizing features thereof; 

The above and other objects, features and ad- 
75 vantages of the present invention will more fully 
appear from the following description of the pre- 
ferred embodiments with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a longitudinal cross sectional view of a 
20 conventional shock wave generator; 

. Fig. 2 is a block diagram of a first embodiment 
of a shock wave treatment apparatus according 
to the present invention; 

Figs. 3 to 5 are schematic views of an object to 
25 be disintegrated by giving shock waves gen- 
erated by a transducer according to the present 
invention; 

Fig. 6 is a block diagram of a second embodi- 
ment of a shock wave treatment apparatus ac- 
30 cording to the present invention: 

Fig. 7 is a timing chart including pulses repre- 
senting action timings in the apparatus shown in 
Fig. 6; 

Fig. 8 is a block diagram of a third embodiment 
35 of a shock wave treatment apparatus according 
to the present invention; 

Fig. 9 is a timing chart including pulses repre- 
senting action timings in the apparatus shown in 
Fig. 8; 

40 Fig. 10 is a schematic view showing a B-mode 
section image and an M-mode image on a dis- 
play obtained in the embodiments shown in 
Figs. 6 and 8; 

Fig. 11 is a block diagram of a shock wave 
45 treatment apparatus having a Doppler processor 
for forming an audio signal; 
Fig. 12 is a timing chart including . pulses repre- 
senting action timings in the apparatus shown in 
Fig. 11; 

so Fig. 13 is a fragmentary block diagram of an 
ultrasonic wave probe used in a shock wave 
treatment apparatus; and 
Fig. 14 is a block diagramm of a shock wave 
treatment apparatus. 
55 Referring now to the drawings, wherein like 

reference characters designate like or correspond- 
ing members throughout the several views and 
thus the repeated description thereof may be omit- 
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ted for the brevity, there is shown in Fig. 2 a first 
embodiment of a shock wave treatment apparatus 
according to the present invention. 

In Fig. 2, a shock wave generator 16 includes a 
shock wave transducer 16a having a sphericai con- 
cave surface for generating shock waves therefrom 
and a water bag 16b having flexible bellows 16c for 
performing an effective transmission of the shock 
waves to a living body P, for. instance, in order to 
disintegrate a concretion 31 of an object 32 such 
as a kidney or the like. The shock wave transducer 
16a is formed with a central hole therein. In this 
embodiment, various devices such as a vibrator of 
a concave semi sphere form, an electromagnetic 
induction type sound source composed of a com- 
bination of a spiral coil and a metal membrane 
arranged close thereto, and the like can be applied 
to the shock wave transducer 16a. A ultrasonic 
wave probe 17 having a ultrasonic wave trahsmit- 
ting-receiving surface or arrey 17a in its end is 
arranged in the central hole portion of the shock 
wave transducer 16a. The ultrasonic wave probe 17 
transmits a ultrasonic wave toward the living body 
P and receives a ultrasonic wave echo therefrom to 
effect a scanning of the living body P for obtaining 
a B-mode section image, a CFM (color flow map- 
ping) image and an M-mode image, 

A timing controller 20 outputs a shock wave 
generation timing signal to a delay counter 19 and 
a pulser 21. The pulser 21 sends a drive signal to 
the shock wave transducer 16a in order to drive the 
same, and its driving timing is controlled by the 
shock wave generation timing signal fed from the 
timing controller 20. The delay counter 19 outputs 
a delayed pulse DP to an RPG (rate pulse gener- 
ator) timing delayed by a certain period of time 
after the shock wave generation timing. The delay 
timing of the delayed pulse DP ouput by the delay 
counter 19 is controlled by a delay timing set 18. 

The RPG 10 generates a delayed frame pulse 
DFP to a transmit-receive controller 11 and a DSC 
(digital scan converter) 14 in synchronization with 
the delayed pulse DP output from the delay coun- 
ter 19. The transmit-receive controller 11 controls 
the ultrasonic wave probe 17 to transmit or receive 
the ultrasonic wave to or from the living body P. 
The transmit-receive controller 11 comprises a 
transmitter and a receiver. The transmitter includes 
a transmission delay device for setting a certain 
delay time for the transmission of the delayed 
frame pulse and a puiser for generating a pulse for 
driving the arrey. 17a of the ultrasonic wave probe 
17 in synchronization with the delay time given by 
the transmission delay device. The receiver in- 
cludes a preamplifier for amplifying a ultrasonic 
wave echo received by the ultrasonic wave probe 
17, a receipt delay device for setting a certain 
delay time for the output of the amplified ultrasonic 


wave echo, and an adder for adding the delayed 
echoes. 

A B-mode processor 12 includes a detector for 
performing an amplitude detection of an output 

5 addition signal of the transmit-receive controller 1 1 , 
and an A/D (analog-digital) converter for converting 
the amplitude detected signal to a digital detected 
signal to obtain a monochrome B-mode section 
image. The operated results of the B-mode proces- 

70 sor 12 are sent to the DSC 14. A CFM (color flow 
mapping) processor 13 includes a phase detector 
for effecting a phase detection of the ultrasonic 
wave echo, an MTI (moving target indication) filter 
for removing a clatter component of the output 

75 signal of the phase detector, a self correlator/for 
performing a self correlation of the output signal of 
the MTI to obtain a ultrasonic wave doppler alter- 
ation frequency, and a processor for operating an 
average speed and a power of a moving object 

20 according to the ultrasonic wave doppler alteration 
frequency to obtain a CFM (color flow mapping) 
image. That is, the CFM processor 13 performs the 
color flow mapping process to obtain a CFM im- 
age. The obtained result of the CFM processor 13 

25 is fed to the DSC 14. 

The DSC 14 is provided with a frame memory 
(FM) 14a, in which the scan conversion between 
the sampling and display systems is carried out. 
. The writing timing of the data into the FM 14a of 

30 the DSC 14 is determined by the delayed frame 
pulse DFP output from the RPG 10. The data of 
the B-mode section image and the CFM image is 
stored in the FM 14a of the DSC 14. The scan 
conversion result in the DSC 14 is fed to a color 

35 display 15. On the color display 15, the monoch- 
rome B-mode section image 15a and the CFM 
image 15b overlapped thereon are reproduced. 

When the shock waves are generated by the 
shock wave transducer 16a, a large pressure such 

40 as several 100 to 1000 bar is caused at the con- 
centration point. As shown in Fig. 3, soon after the 
shock wave 33 hits on an object 31 such as a 
concretion to be disintegrated, the object 31 re- 
ceives a large pressure and is moved in a . direction 

45 F. Then, after the shock wave 33 passes through 
the object 31, the object 31 is pulled back by a 
' negative pressure component the shock wave 33 
trails in the reverse direction P to the direction F, 
as shown in Fig. 4. Thus, the object 31 performs 

50 damped oscillation. 

When the object 31 is not disintegrated by the 
shock wave 33, the object 31 performs damped 
oscillation while the object 31 retains its original 
form. However, when the object is disintegrated by 

55 the shock wave 33, as shown in Fig. 5, the disinte- 
grated pieces of the object are moved in all direc- 
tions depending on their relative positions with re- 
spect to the concentration point of the shock wave 
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and the surrounding conditions thereof. Hence, the 
behavior of the disintegrated pieces can be ob- 
served by transmitting a ultrasonic wave to a cer- 
tain region containing the disintegrated pieces, ob- 
taining frequency alteration information of the ultra- 
sonic wave and analyzing the obtained frequency 
alteration information. 

According to the present invention, a ultrasonic 
wave doppler alteration frequency of a ultrasonic 
wave is obtained from a received ultrasonic wave 
echo, and a CFM (color flow mapping) process is 
effected on the basis of the ultrasonic wave dopp- 
ler alteration frequency. The result of the CFM 
process is overlapped on a B-mode section image 
on a display, and this is used as a monitory image 
during a shock wave treatment, as hereinafter de- 
scribed in detail. 

The . operation of the above described appara- 
tus will now be described in detail. 

The ultrasonic wave probe 17 effects the trans- 
mission and receipt of the ultrasonic wave to and 
from the living body P by the transmit-receive 
controller 11, and the transmit-receive controller 11 
obtains the ultrasonic wave echo. The B-mode pro- 
cessor 12 outputs the result of the B-mode process 
to the DSC 14, and the B-mode section image 15a 
of the living body.P is formed in the FM 14a of the 
DSC 14. Then, the data of the B-mode section 
image 15a is read out of the FM 14a and is sent to 
the display 1 5 to display the B-mode section image 
15a thereon. 

When the shock wave transducer 16a is driven 
by sending the shock wave generation timing sig- 
nal to the pulser 21, the shock wave transducer 
16a generates the shock waves to concentrate on 
the concretion 31 of the. object such as the kidney 
in the living body P. 

In the CFM processor 13, the ultrasonic wave 
doppler alteration frequency in the living body P is 
operated from the ultrasonic wave echo obtained 
by the transmit-receive controller 11, and the CFM 
process is carried out on the basis of the ultrasonic 
wave doppler alteration frequency. The resulted 
data of the CFM process is fed to the DSC 14, and 
the CFM image is formed in the FM 14a of the 
DSC 14. In the DSC 14, the CFM image is mixed 
with the monochrome B-mode action image, and. 
the monochrome B-mode section image and the 
CFM image overlapped thereon are displayed on 
the display. 15. 

The writing of the data of the B-mode section 
image and the CFM image into the FM memory 
14a of the DSC 14 with respect to the shock wave 
generation operation is performed as follows. 

That is, the delayed frame pulse DFP is fed 
from the RPG 10 to the DSC 14 at the timing 
delayed by the predetermined period of time after 
the timing of the shock wave generation. The DSC 


14 is started to store the data into the FM 14a at 
the timing of input of the delayed frame pulse DFP, 
and, when one frame of the data is stored in the 
FM 14a, the storing of the data is stopped. This 
s step is repeated every input of the delayed frame 
pulse DFP into the DSC 14 or every shock wave 
' generation in the shock wave transducer 16a. The 
data writing timing by the delayed frame pulse DFP 
or the delayed pulse DP can be freely determined . 

70 by the, delay timing set 18, as described above. 
That is, in this embodiment, the reproducing and 
displaying of the still picture images such as the B- 
mode section image and the CFM image can be 
carried out at the best timing, so that the best mode 

75 of the shock wave concentration positioning, the 
shock wave generation results and the disintegra- 
tion state of the concretion, or the like can be 
readily determined or adjusted and observed. 

Then, the CFM image display is effected as 

20 follows. 

That is, different colors such as red and blue 
are applied to approaching and going away of the 
concretion and surrounding tissue thereof to or 
from the ultrasonic wave probe 17, and the average 

25 speed or power of the moving concretion and sur- 
rounding tissue are exhibited by the brightness 
variation. Since the concretion and surrounding tis- 
sue thereof are different in acoustic impedance, the 
concretion is moved larger than the tissue, and it is 

30 easy to discriminate the moving concretion from 
the moving tissue in the CFM image 15b. 

In this case, it is considered that the doppler 
signal of the concretion is larger with respect to 
that of the other tissue, particularly, the surrounding 

35 tissue, and hence the position of the concretion can 
be readily confirmed in the CFM image 15b by 
generating relatively weak shock waves during the 
positioning of the concretion. Also, even when the 
strong shock waves are generated in order to dis- 

40 integrate the concretion after the positioning of the 
concretion, the concretion is moved larger than the 
tissue because of the acoustic impedance differ- 
ence, and hence the position of the concretion can 
be easily confirmed in the CFM image 15b. 

45 Also, when the strong shock waves are im- 

parted to the' tissue of the living body P, the tissue 
is deformed and moved, and this is appeared in 
the CFM image 15b. Hence, the concentration re- 
gion or point of the actually generated shock waves 

so can be easily confirmed in the CFM image 15b. 

Further^ since the moving condition of the con- 
cretion against the shock waves is different, it is 
readily known whether the concretion is disinte- 
grated or not. When the concretion is disintegrated, 

55 the sizes, moving directions and degree of disper- 
sion of the disintegrated concretion pieces can be 
readily confirmed in the CFM image 15b by the 
extent of color mixture and the hue variation. 
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As described above, it is readily understood 
that by monitoring the B-mode section image and 
the CFM image overlapped thereon on the display 
during the shock wave treatment, the position of 
the object such as the concretion within the living 
body can be readily confirmed, and the position of 
the concentration point of the actual shock waves 
can be readily confirmed on the display. Hence, 
the positioning of the concentration point of the 
actual shock waves on the object can be readily 
performed. Also, the shock wave generation results 
of the object and extent and state of the disinte- 
grated pieces of the object can be readily con- • 
firmed on the display. Therefore, the time and 
accuracy of the positioning of the concretion and 
the positioning of the shock waves on the concre- 
tion can be largely improved, and ineffective oper- 
ations and operator's burden can be largely re- 
duced. 

In Fig. 6, there is shown a second embodiment 
of a shock wave treatment 'apparatus according to 
the present invention, having a similar structure ta- 
ttle first embodiment shown in Fig. 2, except an M- 
mode processor 22 for obtaining an M-mode image 
is also included. 

In this embodiment, a first clock pulse gener- 
ator 20a outputs a first clock pulse CP1 to a 
second clock pulse generator 20b. An RPG (rate 
pulse generator) 10 outputs a rate pulse as a frame 
pulse FP to a transm it-receive controller" 1 1 , a DSC 
(digital scan converter) 14 and the second clock 
pulse generator 20b. The second clock pulse gen- 
erator 20b outputs a second clock pulse CP2 hav^ 
ing the same interval as that of the first clock pulse 
CP1 as a shock wave generation timing signal to a 
delay counter 19 and a pulser 21 in synchroniza- 
tion with the frame pulse FP output from the RPG 
10. The delay counter 19 outputs a freeze signal 
FS at a timing delayed by a certain period of time 
after the shock wave generation timing in synchro- 
nization with the frame pulse FP. In Fig. 7, there 
are schematically shown the first clock pulse CP1, 
the frame pulse FP, the second clock pulse CP2 
and the freeze signal FS. The delay timing of the 
freeze signal FS output from the delay counter 19 
is controlled to determine to integral number times 
as much as the interval of the frame pulse FP by a 
delay timing set 18. 

The M-mode processor 22 includes a detector 
for performing an amplitude detection of an output 
addition signal of the transm it-receive controller 11, 
and an A/D (analog-digital) converter for converting 
the amplitude detected signal to a digital detected 
signal to obtain a monochrome M-mode image. 
The operated results of the M-mode processor 22 
are sent to the DSC 14. in this case, a CFM 
processor 13 performs the CFM process in both 
the B mode and M-mode imagings. The CFM 


processor 13 can discriminate between the B-mode 
and M-mode image signals and mix or overlap the 
monochrome B-mode or M-mode image signals 
and the CFM signals to obtain the B-mode and M- 

5 mode images, as shown in Fig. 10. 

■ In the M-mode imaging process, doppler sig- 
nals are picked up from the ultrasonic wave echo 
and are processed with respect to only a certain 
direction such as, in practice, a shock wave con- . 

70 centration point direction d, as shown in Fig. 10a, 
in a depth of the living body P to obtain the M- 
mode image. One example of the M-mode image 
is shown in Fig. 10b. In this embodiment, in addi- 
tion to the B-mode section image and the CFM 

75 image, the M-mode image can be utilized. 

In case of the CFM imaging, the doppler sig- 
nals are processed over a certain area to display 
the CFM image on the display. Hence, the re- 
produceable number of the frame images per sec- 

20 ond is approximately 10, which may be somewhat 
varied depending on the various conditions. In case 
of the M-mode. imaging, the doppler signals are 
operated only along one direction such as, in prac- 
tice, the direction the shock wave concentration 

25 point is positioned, and thus a much more number 
of the frame images can be reproduced compared 
with that of the CFM imaging, that is, the resolving 
power in unit tim can be largely improved, resulting 
in that the doppler signals can be observed with a 

30 high resolving power in the M-mode image. 

In this embodiment, the writing of the data 
obtained in the B-mode processor 12, the CFM 
processor 13 and the M-mode processor 22 into 
the frame memory 14a of the DSC 14 with respect 

35 to the timing of the shock wave generation opera- 
tion is carried out at the desired timing by using 
the freeze signal FS output from the delay counter 
19 in a similar manner to the first embodiment 
described above. Hence, in this case, the repro- 

40 ducing and displaying of the still picture images 
can be carried out at the . best timing so that the 
best mode of the shock wave concentration posi- 
tioning, the shock wave generation results and the 
disintegration state of the concretion or the like can 

45 be readily determined or adjusted and observed. In 
this embodiment, the same effects and advantages 
as those of the first embodiment can be obtained. 

In Fig. 8, there is shown a third embodiment of 
a shock wave treatment apparatus according to the 

50 present invention, having a similar structure to the 
first and the second embodiment described above. 

A timing controller 20 outputs a clock pulse CP 
as a shock wave generation timing signal to a 
delay counter 19 and a pulser 21. A delay counter 

55 19 outputs a delayed clock pulse DCP to an RPG 
10 at a timing delayed by a certain period of time 
after a shock wave generation timing. The delay 
timing of the delayed clock pulse DCP output by 
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the delay counter 19 is continuously controlled by 
a delay timing set 1 8. 

In this case, in the RPG 10, a timing of a 
delayed frame pulse DFP is controlled by the de- 
layed clock pulse DCP fed from the delay counter 
' 19 in order to compulsorily synchronise with the 
timing of the delayed clock pulse DCP. In Fig! 9, 
there are schematically shown the clock pulse CP 
as the shock wave generation timing signal, the 
delayed clock pulse DCP . and the delayed frame 
pulse DFP. In this embodiment, the writing of the 
data obtained in the B-mode processor 12, the 
CFM processor. 13 and the M-mode processor 22 
into the frame memory 14a of the DSC 14 with 
respect to the timing of the shock wave generation 
operation is carried out at the desired timing by 
using the delayed frame pulse DFP output from the 
RPG 10 in a similar manner to the above described 
embodiments. 

In this embodiment, the delay timing of the 
delayed clock pulse DCP can be continuously 
changed, and hence more accurate control can be 
performed as compared with the second embodi- 
ment described above. In this case, the same ef- 
fects and advantages as those of the first and 
second embodiments can be obtained. 

In Fig. 1 1 , there is shown a shock wave treat- 
ment apparatus having a similar construction to the 
first embodiment described above, except that a 
doppler processor 29 for outputting doppler in- 
formation in an audio signal form is provided (The 
CFM processor which is also provided in this ap- 
paratus is not shown in Fig. 11). 

A timing controller 20 outputs a timing control 
signal TCS as a shock wave generation timing 
signal to a pulser 21 and a switch 27 for perform- 
ing an open-close control in synchronization with 
the timing control signal TCS. A clock pulse gener- 
ator 26 generates a clock pulse to a frequency 
divider 24 which outputs a frequency divided signal 
FDS to the timing controller 20. An RPG (rate pulse 
generator) 10 generates a rate pulse as a frame 
pulse FP to a transm it-receive controller 1 1 , a DSC 
(digital scan converter) 14 and a delay circuit 23. 
The delay circuit 23 sets back the frame pulse FP 
a certain period of time and sends a delayed frame 
pulse DFP to the timing controller 20. 

In this case, the timing controller 20 outputs 
the shock wave generation timing signal TCS to the 
pulser 21 at a timing delayed by a desired period 
of time t after the timing of the frame pulse FP. 
Hence, the reproducing and displaying of the still 
picture images can be effected at the best timing 
in the same manner as described above. In Fig. 12, 
there are schematically shown the frame pulse FP, 
the delayed frame pulse DFP, the frequency di- 
vided signal FDS and the timing control signal TCS 
along with on and off modes of the switch 27. A 


system controller 25 controls the operation of the 
whole system of the shock wave treatment appara- 
tus. 

In' the DSC, the writing of the data obtained in 

5 the B-mode processor 12 into a frame memory 
(FM) 14a with respect to the shock wave genera- 
tion timing is started by the frame pulse FP fed 
from the RPG, and, when one frame of the data is 
stored in the FM 14a, the data storing is stopped. 

. 10 This step is repeated. 

A doppler processor 29 includes a phase de- 
tector for effecting a phase detection of a ultrasonic 
wave echo sent from the transmit-receive controller 
11, and a processor for setting a sample gate 

75 position. In the doppler processor 29, audio signals 
representing doppler information in the sample 
gate position is picked up from the ultrasonic wave . 
echo. The audio signajs are fed from the doppler 
processor 29 to a speaker 28 via the switch 27, 

20 and the speaker 28 reproduces doppler sounds 
from the audio signals. The doppler processor 29, 
the speaker 28 and the switch 27 may constitute 
first, second and third means, respectively. 

The operation of this apparatus will now be 

25 described in detail in connection with Figs. 1 1 and 
12. 

The delay circuit 23 outputs the delayed frame 
pulse DFP to the timing controller 20, and the 
frequency divider 24 sends the frequency divided 

30 signal FDS to the timing controller 20. After the 
frequency divided signal FDS is turned to the high 
level, the timing controller 20 outputs the timing 
control signal TCS as the shock wave generation 
timing signal at the timing of the following delayed 

35 frame pulse DFP, i.e., in synchronisation with the 
leading edge of the delayed frame pulse DFP. The 
shock wave transducer 16a is driven to generate 
the shock waves at the timing of the leading edge 
of the shock wave generation timing signal TCS. 

40 By using this timing control, the affecting area 
direction or. path of the shock waves in a B-mode 
section image can be freely controlled. For in- 
stance, that is, although it is not effective or prac- 
tical for treating an object such as a concretion, by 

45 varying the delay time of the frame pulse FP in the 
delay circuit 23, the affecting area direction or path 
of the shock waves can be positioned in a right 
hand side end portion 15c in the B-mode section 
image 1 5a, as shown in Fig. 11.. 

so When the ultrasonic wave echo is sent from 

the transmit-receive controller 11 ,to the doppler 
processor 29, the phase detection of the ultrasonic 
wave echo is effected and the doppler information 
is picked up in the form of the audio signals in the 

55 * doppler processor 29. The audio signals are sent to 
the speaker 28 through' the switch . 27, and the 
speaker 28 reproduces the doppler sounds from 
the audio signals. By monitoring the doppler 
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sounds, the extent and state of the shock wave 
generation and disintegrated object .pieces and so 
forth can be readily confirmed. 

The doppler information pickup is carried out 
by using the pulsed wave doppler method, and the 
doppler information in the sample gate position 
determined in the B-mode section image is ob- 
tained. That is, by setting the sample gate position 
to a portion containing the disintegrated object 
pieces in advance, the doppler information of or 
near the disintegrated object pieces can be effec- 
tively obtained. 

Further the continuous wave doppler method 
may be also applied. In this case, a particular 
vibrator for the continuous wave doppler informa- 
tion pickup may be provided near the ultrasonic 
wave probe 17. Alternatively, a part 17b of the 
vibrator elements of the arrey 17a of the ultrasonic 
wave probe 17 may be used for the continuous 
wave doppler information pickup only, as shown in 
Fig. 13. 

It is considered that, when the shock wave 
components are mixed with the doppler sounds to 
be "output from the speaker 28, it becomes difficult 
to monitor the doppler sounds. In order to prevent 
this problem, the switch 27 is turned off in synch- 
' ronisation with the shock wave generation timing 
signal output from the timing controller 20 to re- 
move the shock wave components from the dopp- 
ler sounds. That is, as shown in Fig. 12, the switch 
27 is turned off at the timing of the leading edge of 
the timing control signal TCS fed from the timing 
controller 20 to prevent the shock wave compo- 
nents from mixing in the doppler sounds, with the 
result of clearly monitoring the doppler sounds. 
Further, by making the OFF period of time of the 
switch 27 to be variable, more accurate or precise 
control for removing the shock wave component 
can be performed. 

According to the present invention, a CFM pro- 
cessor 13 is also provided. Moreover, an M-mode 
processor 22 of the second embodiment may be 
provided in the apparatus described above, with 
the result of obtaining the same effects and advan- 
tages as those of the first and second embodi- 
ments. 

In Fig. 14, there is shown a shock wave treat- 
ment apparatus having the same structure as 
shown in Fig. 1 1 , except a doppler phonocardiog- 
raph 30 is provided. 

In this case, the doppler phonocardiography 30 
includes a ultrasonic transmit-receive member 30a, 
a doppler phonocardiograph body 30b and a 
speaker 30c, which are coupled in series. The 
ultrasonic transmit-receive member 30a transmits a 
ultrasonic wave toward an object 31 such as a 
concretion within an internal organ such as a kid- 
ney 32 in a living body P and receives a reflected 


component. The body 30b picks up doppler in- 
formation from the reflected component, and the 
doppler information is reproduced in the sound 
form by the speaker 30c. The body 30b and the 

5 speaker. 30c may constitute first and second .. 
means, respectively. 

The body 30b includes a device for preventing 
shock wave components from mixing in the dopp- 
ler sounds in synchronization with the shock wave 

70 generation timing signal output from the timing 
controller 20, this shock wave preventing device 
having a similar construction to that shown in Fig. 
1 1 , with the result of clearly monitoring the doppler 
sounds. The body 30b may constitute third means. 

75 The same effects and advantages as those of the 
apparatus shown in Fig. 11 can be obtained. 

Claims 

20 1. A shock wave treatment apparatus, comprising: 
means (16) for generating a shock wave 
and for transmitting the shock wave to a living • 
body (P) having an object (31) to be disinte- 
grated by the shock wave (33); 
25 an ultrasonic wave probe (17) for transmit- 

ting an ultrasonic wave into the living body and 
for receiving an echo . of the ultrasonic wave 
from the living body; 

means (11, 12). for generating a B-mode 
30 section image of the living body on the basis 

of the ultrasonic wave echo; 

producing means (13) for producing an 
ultrasonic wave Doppler alteration frequency 
from the ultrasonic wave echo; and 
35 display means (15) for displaying said B- 

mode section image and an image on the 
basis of said ultrasonic wave Doppler alteration 
frequency, characterized by 

said producing means (13) for producing 
40 an ultrasonic wave Doppler alteration frequen- 

cy performing a color flow mapping process on 
the basis of said ultrasonic wave doppler alter- 
ation frequency to form a color flow mapping 
image of the living body; and 
45 storage means (14, 14a) for storing the 

color flow mapping image in synchronization 5 
with delay timing means (18, 19; 23) at a 
certain period of time after the generation of 
the shock wave; whereby said display means 
so (15) displays at least one of the said B-mode 

section image and said color flow mapping 
image. 

2. The apparatus of claim 1, further including 
55 means <22) for forming an M-mode image of 

the living body on the basis of the ultrasonic 
wave echo, the display means (15) displaying 
at least one of the B-mode section image, the 
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color flow mapping image and the M-mode 
image. 

3. The apparatus of claim 1 or 2, further includ- 
ing: 

means (29) for performing a phase detec- 
tion of the ultrasonic wave echo to obtain 
doppler information; and 

means (28) for reproducing sound from the 
doppler information. 

4. The apparatus of any of claims 1 to 3, further 
including: 

means for generating a first signal to drive 
the shock wave generating means at a se- 
lected first time; and 

means for generating a second signal to 
drive the B-mode image generating means and 
the obtaining means at a selected second 
time, the second time being different from the 
first time. 

5. The apparatus of claim 4, wherein the means 
for generating the first signal includes a timing 
controller (20); and the means for generating 
the second signal includes a delay device (19) 
and a delay timing controller for controlling the 
delay device, and wherein the first signal is fed 
to the delay device at the selected first time, 
and the delay device generates the second 
signal at the second time delayed by a certain 
time after the first time. 

Patentanspriiche 

1. Gerat zur StoBwellen-Behandlung, umfassend: 
eine Einrichtung (16) zum Erzeugen einer 
StoBweile und zum Aussenden der StoBweile 
auf einen lebenden Korper (P) mit einem Ge- 
genstand (31), der durch die StoBweile (33) 
zertrummert werden soli; 

eine Ultraschallwellensonde (17) zum Sen- 
den einer Ultraschallwelle in den lebenden 
Korper und zum Empfangen eines Echos der 
Ultraschallwelle aus dem lebenden Korper; 

eine Einrichtung (11, 12) zum Erzeugen 
eines B-Modus-Schnittbildes des lebenden 
Korpers auf der Grundlage des Ultraschallwel- 
len-Echos; 

eine Erzeugungseinrichtung (13) zum Er- 
zeugen einer . Doppier-Anderungsfrequenzaus 
dem Ultraschallwellen-Echo; und 

eine Anzeigeeirrichtung (15) zum Anzeigen 
des B-Modus-Schnittbildes und eines Bildes 
auf der Grundlage der Ultraschallwellen-Dopp- 
ler-Anderungsfrequenz, 

. dadurch gekennzeichnet, dafl 

die Erzeugungseinrichtung (13) zum Er- 
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zeugen einer Ultraschallwellen-Doppler-Ande- 
rungsfrequenz einen Farbstromungs-Abbil- 
dungsprozess auf der Grundlage der Ultra- 
schallwellen-Doppler-Anderungsfrequenz 
durchfUhrt, urn ein Farbstromungs-Abbild des 
lebenden Korpers zu erzeugen, und 

eine Speichereinrichtung (14, 14a) vorge- 
sehen ist, urn das Farbstromungs-Abbild in 
Synchronisation mit einer Verzogerungszeit- 
steuereinrichtung (18, 19; 23) eine gewisse 
Zeitspanne nach der Erzeugung der StoBweile 
zu speichern, wodurch die Anzeigeeinrichtung 
(15) zumindest ein Bild aus der Gruppe B- 
Modus-Schnittbild und Farbstromungs-Abbild 
darstelit. 


2. Vorrichtung nach Anspruch 1, weiterhin enthal- 
tend eine Einrichtung (22) zum Erzeugen eines 
M-Modus-Bildes des lebenden Korpers auf der 
20 Grundlage des Ultraschallwellen-Echos, wobei 

die Anzeigeeinrichtung (15) zumindest ein Bild 
aus der Gruppe B-Modus-Schnittbild, Farbstro- 
mungs-Abbild und M-Modus-Bild darstelit. 

25 3. Vorrichtung nach Anspruch 1 oder2, gekenn- 
zeichnet durch: 

eine Einrichtung (29) zum Durchfuhren ei^ 
ner Phasenerfassung des Ultraschallwellen- 
Echos, urn Doppler-lnformation zu erhalten; . 

30 und 

eine Einrichtung (28) zur Reproduktion von 
Schall aus der Dopplerinformation. 

4. Vorrichtung nach einem der AnsprOche 1 bis 
35 3, gekennzeichnet durch: 

eine Einrichtung zum Erzeugen eines er- 
sten Signals, urn die StoBwellen-Erzeugungs- 
einrichtung zu einer ausgewahlten ersten Zeit. 
anzutreiben; und 

40 eine Einrichtung zum Erzeugen eines 

zweiten Signals, urn die B-Modus-Bild-Erzeu- 
gungseinrichtung und die Erzeugungseinrich- 
tung (13) zu einer zweiten ausgewahlten Zeit 
anzutreiben, wobei die zweite Zeit sich von der 

45 ersten Zeit unterscheidet. 

5. Vorrichtung nach Anspruch 4, bei der die Ein- 
richtung zum Erzeugen des ersten Signals 
eine Zeitsteuerung (20) aufweist und die Ein- 

50 richtung zum Erzeugen des zweiten Signals 

eine Verzogerungseinrichtung (19) und eine 
Verzogerungszeitsteuerung zum Steuern der 
Verzogerungseinrichtung aufweist, wobei das 
erste Signal der Verzogerungseinrichtung zu . 

55 der ausgewahlten ersten Zeit zugefuhrt wird 

und die Verzogerungseinrichtung das zweite 
Signal zu der zweiten Zeit erzeugt, die gegen- 
uber der ersten Zeit urn eine gewisse Zeit- 
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spanne verzogert ist. 
Revendlcations 

1. Appareil de traitement par ondes de choc, 
comprenant : 

un moyen (16) pour produire une onde de 
choc et pour Smettre I'onde de choc vers un 
corps vivant (P) contenant un objet (31) a 
d6sint§grer par I'onde de choc (33) ; 

un detecteur d'ondes ultrasonores (17) 
• pour <§mettre une onde ultrasonore dans le 
corps vivant et pour recevoir un e*cho de I'onde 
ultrasonore k partir du corps vivant ; 

un moyen (11, 12) pour produire une ima- 
ge en coupe en mode B du corps vivant sur la 
base de I'echo d'onde ultrasonore ; 

un moyen de production (13) pour produi- 
re une frequence de modification Doppler 
d'onde ultrasonore a partir de I'Scho d'onde 
ultrasonore ; et, 

un moyen d'affichage (15) pour afficher 
ladite image en coupe en mode B et une 
image sur la base de ladite frequence de mo- 
dification Doppler d'onde ultrasonore ; 

caracte'rise' par : 

le fait que ledit moyen de production (13), 
pour produire une frequence de modification 
Doppler d'onde ultrasonore, effectue un traite- 
ment de cartographie d'ecoulement en cou- 
leurs sur la base de ladite frequence de modi- 
fication Doppler d'onde ultrasonore pour for- 
mer une image de cartographie d'ecoulement 
en couleurs du corps vivant ; et, 

un moyen de memorisation (14, 14a) pour 
mSmoriser I'image de cartographie d'ecoule- 
ment en couleurs en synchronisme avec un 
moyen de cadencement a retard (18, 19, 23) a 
un certain moment apres la production de I'on- 
de de choc ; ce par quoi ledit moyen d'afficha- 
ge (15) affiche au moins d'une de ladite image 
en coupe en mode B et de ladite image de 
cartographie d'ecoulement en couleurs. 

2. Appareil selon la revendication 1, comprenant 
en outre un moyen (22) pour former une image 
en mode M du corps vivant sur la base de 
I'echo d'onde ultrasonore, le moyen d'afficha- 
ge (15) affichant au moins Tune de I'image en 
coupe en mode B, de I'image de cartographie 
d'ecoulement en couleurs et de I'image en 
mode M. 

3. Appareil selon la revendication 1 ou 2, com- 
prenant en outre : 

un moyen (29) pour effectuer une detec- 
tion de phase de I'echo d'onde ultrasonore 
pour obtenir ('information Doppler ; et 


un moyen (28) pour produire une sonorite 
a partir de I'information Doppler. 

4. Appareil selon I'une quelconque des revendi- 
5 cations 1 & 3, comprenant en outre : 

un moyen pour produire un premier signal 
pour attaquer le moyen g§ne*rateur d'ondes de 
choc k un premier instant selectionne ; et, 
un moyen pour produire un second signal 
70 pour attaquer le moyen g§ne>ateur d'image en 
mode B et le moyen d'obtention & un second 
instant selectionne, le second instant etant dif- 
ferent du premier instant. 

is 5. Appareil selon la revendication 4, dans lequel 
le moyen pour produire le premier signal com- 
prend un regisseur de cadencement (20) et le 
moyen pour produire le second signal com- 
prend un dispositif h retard (19) et un regis- 

20 seur de cadencement & retard pour comman- 

der le dispositif a retard, et dans lequel le 
premier signal est deMivre* au dispositif a retard 
au premier instant selectionne, et le dispositif h 
retard produit le second signal au second ins- 

25 tant retarde d'un certain temps apres le pre- 

mier instant 
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